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Abstract 
The optical properties of thermally evaporated PDI-8CN2 thin films have been investigated using Variable Angle 
Spectroscopic Ellipsometry (VASE). These layers were deposited on SiO2 dielectric layers as a means of measuring 
their properties on a standard interface. Regression analysis was used to determine the optical constants (refractive 
index and extinction coefficient) across a bandwidth of 300 – 900 nm. Anisotropy of the films was investigated, as 
well as the thickness dependence of the optical constants. This paper presents the results of these investigations. 
 
© 2010 Published by Elsevier B.V. 
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1. Introduction 
The organic electronics industry is advancing at a fast rate, as the possibility of low cost, easily manufactured and 
flexible electronic circuits continues to drive research [1]. Display technologies, bio-sensors, encapsulation and 
protective layers and RFID tags are just a few of the potential applications for organic electronics, where organic 
polymers can be used as insulating layers, conducting layers and semiconducting layers [2 – 4]. Currently, p-type 
organic semiconducting materials are an area of great interest due to their air stability and high values of mobility 
[5]. The importance of n-type materials for emergent organic electronics should not be neglected however; n-type 
materials are necessary for CMOS circuitry, which operates with low power consumption at higher speeds and 
enables complex logic devices. Currently available n-type organic semiconductors generally have lower mobilities 
than analogous p-type materials and are generally unstable in ambient conditions. N,N’ – bis(n-octyl),1,6 – 
dicyanoperylene-3,4:9,10 – bis(dicarboximide) (PDI-8CN2)  is an n-type organic semiconductor currently under 
investigation with good ambient stability and mobility [6, 7].  
 
The desirable properties of PDI-8CN2 make it a good candidate for use in n-channel OFET devices and CMOS 
circuits. Any such candidate should be precisely defined in terms of not only its electrical characteristics and 
performance, but also its morphological, chemical and optical characteristics. In depth understanding of these 
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properties is fundamental to the material’s uptake in consumer electronics, and may also identify additional 
applications and paths for optimization. Well defined optical properties are important for the material’s use in opto-
electronic devices, such as in various display technologies, sensors and photo-transistors.  
2. Materials and Methods 
PDI-8CN2 (Polyera Corporation) was thermally evaporated by a Knudsen cell at a base pressure between 10-7 and 
10-8 mbarr without further purification. A deposition rate of 1 nm / min was used while the chamber was maintained 
at a temperature of 100°C. The chamber was heated for 24 hours prior to the deposition to ensure uniform heating. 
Samples were grown at nominal thicknesses of 50, 65 and 80 nm. More details about the deposition method are 
available elsewhere [8].  
 
VASE measurements were performed using a J. A. Woollam Co. Inc. Model M2000D variable angle 
spectroscopic ellipsometer. A multilayer model was used to perform a regression analysis to measured data to 
determine the film thicknesses and optical properties. Measurements were taken at various stages of the samples 
fabrication to determine the parameters of each layer individually. First, the Si / SiO2 substrate was modeled in order 
to determine accurately the thickness of the oxide layer, rather than relying on the nominal value and possibly 
introducing errors in later models. A final measurement was performed after the deposition of PDI-8CN2 thin films. 
The PDI-8CN2 film was modeled by a uniaxially anisotropic layer, coupled to two general oscillators to describe the 
ordinary and extraordinary optical constants (no, ko, ne and ke). This is attributed to the preferential alignment of the 
molecules in the plane of the substrate, with the optical axis normal to the substrate surface. Ellipsometric 
measurements were taken at incident angles of 55°, 60° and 65°.  
3. Results and Discussions 
Measured ψ and Δ are shown in Figure 1. Experimental data and fitting data from regression analysis are both 
shown and good agreement between these can be seen, indicative of the validity of the described model. The 
thickness extracted from this model is 51.30 nm, compared to the nominal film thickness of 50 nm, again 
confirming the correctness of the modeling procedure employed.  
 
a)                                                                      b) 
 
Figure 1: Measured ψ (a) and Δ (b) data from ellipsometry for a PDI-8CN2 film grown on bare SiO2. 
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Optical profiles extracted from this data are shown in Figure 2. Of immediate interest is the presence of uniaxial 
anisotropy in the samples. Failure to account for this important property results in an overestimation of the thickness 
of the sample and a generally poor quality fit.  
 
a)                                                                      b) 
 
Figure 2: Ordinary and Extraordinary Refractive Indices (a) and Extinction Coefficients (b) of PDI-8CN2 grown 
on bare SiO2. 
 
The optical axis for the film is orientated perpendicular to the substrate surface. Anisotropy is expected given the 
long range order of the PDI-8CN2 film and molecular alignment. The principle feature in the extinction profile are 
two absorption peaks, one at approximately 500 nm for both profiles, and one at 549 nm and 554 nm for the 
ordinary and extraordinary profiles respectively. These features match quite well with absorption features reported 
in literature for other Perylene derivatives [9, 10], and match almost perfectly with absorption features previously 
reported for PDI-8CN2 films [11], though no anisotropy was reported. The extraordinary extinction coefficient 
decays at a slower rate with increasing wavelength when compared to the ordinary extinction coefficient, indicative 
of a difference in the sharpness of the Urbach absorption edge.   
 
 
a)                                                                      b) 
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Figure 3: Ordinary and Extraordinary Refractive Indices (a) and Extinction Coefficients (b) of PDI-8CN2 samples 
grown on bare SiO2 with increasing thickness. 
 
The optical properties of three samples with different thicknesses are shown in Figure 3. The thickness of the 
samples as determined from VASE was 51.30, 66.51 and 78.76 nm, which again matches well with nominal 
thicknesses of 50, 65 and 80 nm respectively. The ordinary profiles do not show strong thickness dependence, while 
in the extraordinary profiles, and particularly the extraordinary refractive index, strong thickness dependence is 
observed, with thicker samples having higher refractive indices. The ordinary refractive index also has a difference 
in features at approximately 500 nm, though this difference does not appear to have an effect on the associated 
absorption peak at the same wavelength. Regarding these peaks, no significant shifts in peak location are observed, 
indicating that the chemistry of the material is relatively unchanged. The effect of film thickness is predominately 
evidenced in the extraordinary properties of the material, correlating with previous studies where it was found that 
Perylene films of different thicknesses demonstrate different morphologies and electrical characteristics due to the 
growth mechanism of the polycrystalline structure and variations in molecular packing [12]. Recent work [13] very 
clearly demonstrates the dependence of the PDI-8CN2 molecular structure on the thickness of the material from a 
microscopic perspective, as well detailing sources of anisotropy. The changes in morphology described by Chiarella 
et al. as film thickness increases correlate well with the observed changes in optical properties.  
4. Conclusions 
PDI-8CN2 films were grown on SiO2 layers at nominal thicknesses of 50, 65 and 80 nm. These films were 
investigated using VASE techniques and their optical properties extracted via regression analysis to more 
completely define a promising n-type organic semiconductor with respect to its optical characteristics. These 
characteristics also gave insight to the structure of the film. Optical anisotropy was observed in the PDI-8CN2 films, 
and films of different thicknesses were investigated. Thickness dependence of optical properties was observed, 
particular in the extraordinary direction, indicative that morphological changes occur predominately perpendicular 
to the substrates. These results will assist further development of PDI-8CN2 devices, particularly in the field of opto-
electronics.  
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